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ABSTRACT
We present Keck/OSIRIS adaptive optics observations with 150-400 pc spatial sam-
pling of 7 turbulent, clumpy disc galaxies from the DYNAMO sample (0.07 < z < 0.2).
DYNAMO galaxies have previously been shown to be well matched in properties to
main sequence galaxies at z ∼ 1.5. Integral field spectroscopy observations using adap-
tive optics are subject to a number of systematics including a variable PSF and spatial
sampling, which we account for in our analysis. We present gas velocity dispersion
maps corrected for these effects, and confirm that DYNAMO galaxies do have high
gas velocity dispersion (σ = 40 − 80 km s−1), even at high spatial sampling. We find
statistically significant structure in 6 out of 7 galaxies. The most common distance be-
tween the peaks in velocity dispersion (σpeaks) and emission line peaks is ∼ 0.5 kpc, we
note this is very similar to the average size of a clump measured with HST Hα maps.
This could suggest that σpeaks in clumpy galaxies likely arise due to some interaction
between the clump and the surrounding ISM of the galaxy, though our observations
cannot distinguish between outflows, inflows or velocity shear. Observations covering
a wider area of the galaxies will be needed to confirm this result.
Key words: galaxies: general – galaxies: high-redshift – galaxies: kinematics and
dynamics – galaxies: star formation – galaxies: structure
1 INTRODUCTION
The most active epoch in star formation in the Universe
occurs at 1 < z < 3 (?). Star forming galaxies during this
epoch show very significant differences from z ≈ 0 spirals.
For example z > 1 galaxies have disturbed rest frame-UV
morphologies (Abraham et al. 1996; Conselice et al. 2000;
Elmegreen & Elmegreen 2005), and extremely bright knots
of star formation (so-called “clumps”) that are 100-1000×
brighter than local star forming regions (Genzel et al. 2011;
Swinbank et al. 2012; Wisnioski et al. 2011). Adaptive Optic
(AO) observations revealed that these objects can be clas-
sified in three groups: mergers, dispersion-dominated galax-
ies and turbulent discs with elevated velocity dispersions
(Vshear/σgal ∼ 1 − 4) and all three groups show high ve-
locity dispersions (σgal > 50 km s−1; e.g. Law et al. 2009;
Jones et al. 2010; Genzel et al. 2011; Wisnioski et al. 2012;
Swinbank et al. 2012; Glazebrook 2013, for a review). Tur-
? E-mail: poliva@astro.swin.edu.au
bulent disc galaxies are distinct from local Universe discs.
Local Universe disc galaxies have lower gas velocity disper-
sion (σgal ∼ 25 km s−1) and low gas fractions ( fgas < 10%),
conversely high-z discs have higher gas velocity dispersions
(∼ 40−100 km s−1) and high molecular gas fractions ( fgas ∼
20 − 60%).
Models of unstable disc formation suggest that turbu-
lent motions in the interstellar medium would cause high
velocity dispersion. (Immeli et al. 2004a,b; Bournaud et al.
2008; Elmegreen et al. 2008). Recently, ? show that the size
of clumps in turbulent discs linearly correlates disc kine-
matics, and agrees with predictions of unstable disc galaxy
evolution. Similarly, ? show that gas fractions and disc kine-
matics also relate in a manner that is consistent with pre-
dictions of unstable (or marginally stable) disc galaxies.
A detailed picture of the role of the turbulence in the
formation and life-cycle of clumps is still unknown. Some
simulations suggest that the turbulent motions caused by
radiative feedback and gas accretion in galaxies can main-
tain the high velocity dispersion required to regulate the
© 2016 The Authors
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stability in discs (Ceverino et al. 2009; Dekel et al. 2009).
Alternatively, ? argue that galaxy averaged observations are
most consistent with a gravity-only mechanism driving high
velocity dispersions.
High-redshift observations on the spatial variation of
velocity dispersions within turbulent discs are limited by
both resolution and signal-to-noise (S/N), and thus poorly
constrain the simulations mentioned above. At z ∼ 2, 0.′′12
correspond to a physical resolution of ∼ 1000 pc. At this
resolution, the beam-smearing effects are significant, which
makes the velocity dispersion measurements of clumps diffi-
cult to interpret. These observations are also marked by de-
creased flux at the detector, dropping the S/N significantly
in areas where there is no active star formation (Law et al.
2006). This effect artificially increases velocity dispersion in
regions of low flux. Structure in velocity dispersion maps has
been discussed in some observations (Genzel et al. 2011; Wis-
nioski et al. 2011; Livermore et al. 2015), however, the as-
sociated large uncertainties, discussed above, have hindered
interpretation and detailed analysis.
The DYnamics of Newly-Assembled Massive Objects
(DYNAMO; Green et al. 2014)1 survey is a sample of rare
galaxies (space density of ∼ 10−7Mpc−3) at z ∼ 0.1 that are
well matched in properties to z ∼ 1 main sequence galaxies.
The DYNAMO galaxies have high fractions of gas (Fisher
et al. 2014; ?), high SFRs (1 − 40 M yr−1 ) and high Hα
velocity dispersions (σ > 50 km s−1; Green et al. 2010, 2014;
Bassett et al. 2014). They are morphologically similar to
high redshift galaxies and pass the commonly used quan-
tified definition of a “clumpy galaxy” (Fisher et al. 2017).
Under the same observing conditions using AO enabled ob-
servations of emission lines one can achieve a resolution 5−10
times better than at high redshifts. These galaxies, therefore,
provide an excellent opportunity to study the well-resolved
kinematics of turbulent discs.
In this work we will use DYNAMO survey galaxies
to explore the existence of structure in velocity dispersion
distributions of turbulent discs, to later study the connec-
tion between this structure and the star-forming regions
in the galaxy. In Section 2 we present the DYNAMO sur-
vey and DYNAMO-OSIRIS sample, analysed here. Section
3 summarizes the analysis: clump identification, emission
line maps and kinematic measurements. Section 4 presents
our results which are discussed in Section 5. Our conclu-
sions are presented in Section 6. We use the cosmology
H0 = 70 km s−1 Mpc−1, ΩM = 0.3, ΩΛ = 0.7.
2 DATA
2.1 Sample selection
The DYNAMO sample (Green et al. 2014) is selected
from the Sloan Digital Sky Survey Data Release 4 (SDSS;
Adelman-McCarthy et al. 2006). The sample consists of star-
forming galaxies with no Active Galactic Nuclei (AGN) ac-
tivity. The redshift range is designed to avoid the overlap
between the sky emission and the Hα line, sampling the full
luminosity range between 0.055 < z < 0.084 and the upper
luminosity range between 0.129 < z < 0.254. The primary
1 http://dynamo.swinburne.edu.au/index.html
objective of DYNAMO is to study low redshift analogous
of high redshift turbulent galaxies (z ∼ 1.5). Green et al.
(2014) gives a full description of the sample and presents
the Hα fluxes and initial kinematics of the DYNAMO galax-
ies. They use observations from the SPIRAL (Sharp et al.
2006) and WiFES (Dopita et al. 2007) Integral Field Spec-
trograph (IFS) on the Anglo-Australian Telescope (AAT)
and the ANU 2.3m Telescope, respectively. They present an
initial kinematic classification of the objects. However, the
low spatial sampling of these IFS (∼ 0.′′7 − 1.′′0 per spaxel)
limits the possibility of studying the kinematics of the sub-
structure within the galaxies.
To follow up on the results of Green et al. (2014), we
observed a subset of 21 DYNAMO galaxies with higher spec-
tral and spatial sampling. This sub sample was observed
with OSIRIS IFS (OH Suppressing Infrared Imaging Spec-
trograph; Larkin et al. 2006) on Keck. Henceforth, we refer
to it as DYNAMO-OSIRIS to avoid confusion with the par-
ent sample.
The main limitation of the sample selection was the
adaptive optics (AO) requirement. i.e. the availability of at
least one telluric star nearby the target galaxy. Ten of these
objects are described in (Green et al. 2014) and eleven were
subsequently added to the DYNAMO sample due to their
proximity to adaptive optics laser guide stars. These new
targets met all early selection criteria for DYNAMO targets,
yet had not been included in Green et al. (2014).
DYNAMO-OSIRIS includes objects that were classi-
fied as turbulent discs with high velocity dispersions (σ ≥
40 km s−1), blue colours (g − i ≤ 1), Mstar ∼ 5 × 1010 M,
and high SFRs (10− 40 M yr−1). We aim to test the result
found at high redshifts where large disc dispersions leads
to large star-forming regions (Genzel et al. 2011; Wisnioski
et al. 2011). The blue colours and high SFR preferentially
select galaxies with dominant young active star formation.
Three of the DYNAMO-OSIRIS galaxies overlap
with the DYNAMO-HST (Fisher et al. 2017) subsample
which consist of ten galaxies with Hα imaging from the
Hubble Space Telescope (HST), and eight overlap with
the DYNAMO-Gemini subsample (Bassett et al. 2014;
Obreschkow et al. 2015) which consist of GMOS deep IFS
observations of ∼fifteen objects. This overlap allows us to
pursue high-resolution multi-wavelength studies of turbulent
galaxies. From the 21 galaxies observed, only 7 satisfy the
S/N≥ 4 and disc-like kinematics required for this study.
The final sample of 7 galaxies presented here have
SFR = 5− 42 M yr−1, and stellar masses = 1− 6× 1010 M
(Table 1). As we will show in this work, their emission line
morphology and kinematics are consistent with clumpy, tur-
bulent discs. 3 out of the 7 galaxies: D13-5, G20-2, and G4-
1 overlap with DYNAMO-HST (Fisher et al. 2017) and 4
out of the 7 galaxies: D13-5, G20-2, G4-1 and SDSS013527-
1039 overlap with DYNAMO-GEMINI (Bassett et al. 2014;
Obreschkow et al. 2015).
2.2 OSIRIS Observations
We observe the DYNAMO-OSIRIS targets with AO enabled
observations of the Pa-α emission line with Keck/OSIRIS
(Larkin et al. 2006). OSIRIS is an IFS organized in lenslet
arrays with a 2048×2048 Hawaii-2 detector. It has a spectral
resolution of R ∼ 3000 and a spatial sampling of 0.′′1. The
MNRAS 000, 1–15 (2016)
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observations were taken in 2012 (July, September) with the
Keck I AO system (Wizinowich et al. 2006) in laser guide
star mode (LGSAO). The seeing range was 0.′′35 − 0.′′80.
We first acquired tip-tilt stars within the LGSAO field-
of-view (FOV). We use 60 sec integrations of these tip-tilt
stars to calculate the PSF of the observations. For the sci-
ence observations, we take 4 exposure sequences of 900 sec,
dithered by 0.′′05 around the base point, to avoid bad pix-
els and cosmic ray contamination. For the sky frames, we
need to offset the telescope from the object, as the galaxies
commonly covered the whole FOV. Each sky frame was ex-
posed for 30 minutes. The 7 galaxies in our sample were ob-
served with the filters Kn1, Kn2 and Kc3, wavelength ranges
1960 − 2040, 2040 − 2120 and 2120 − 2220 nm, respectively.
These short ranges cover solely the Pa-α line emission. The
spectroscopic observations of the DYNAMO-OSIRIS galax-
ies are summarized in Table 1.
2.3 Data reduction and flux calibration
We use the OSIRIS data reduction pipeline version 2.3. The
pipeline removes crosstalk, detector glitches and cosmic rays
per frame, to later combine the data into a cube (two spatial
coordinates x and y, and one spectral coordinate z). The
sky subtraction is achieved in two steps, first by a spatial
nodding on the sky and later by custom idl routines based
on the method of Davies (2007).
To flux-calibrate the OSIRIS spectra, we use the telluric
stars observed each night (an average of 3 telluric stars per
night). We use a synthetic spectrum of the star to correct
the shape of the observed spectrum and the density flux ob-
tained from the 2MASS catalogue (Skrutskie et al. 2006) to
calculate a scaling factor. With these two parameters, we
compute a correction curve. The observed spectrum is flux
calibrated by applying the correction curve. This is partic-
ularly easy in the near-Infrared as the stars are smooth in
this region of the spectrum.
We compute a correction curve for each night of the ob-
servations and correct each 1D spectra in the galaxy’s data
cube. We check our results by integrating the corrected flux
of each DYNAMO-OSIRIS galaxy and comparing the total
magnitude with the Ks magnitude in the 2MASS catalogue.
Our method corresponds to a first order flux calibration con-
sistent with the 2MASS magnitudes within 20-30%. This
could be due to aperture effects since the OSIRIS FOV is
in some cases smaller than the galaxies and might be miss-
ing stellar light. This accuracy is acceptable for the purpose
of our study. The flux calibration is internally consistent for
each map, and therefore sufficient for studying substructure.
3 ANALYSIS
The aim of this work is the investigation of kinematic sub-
structure in turbulent discs at 150− 400 pc sampling. To do
this we compare the velocity dispersion in the star-forming
regions (clumps) with the velocity dispersion of the kine-
matic disc. We use the Pa-α emission line to measure the
gas kinematics as well as the SFR across each galaxy.
3.1 Emission-line maps and star formation rates
The star-forming regions, in general, have high S/N (Pa-
α peak S/N > 30). However, we need to ensure a good S/N in
regions of low emission as well. To improve the general S/N,
we apply a median filter to the galaxy cube, i.e. we replace
the value of a given spaxel with the median of the adjacent
spaxels. Later, we remove the spaxels with Pa-α peak S/N
< 4. This enables a clean measurement of the inner galaxy
properties.
We calculate the Pa-α flux, per spaxel, per galaxy by
fitting a gaussian to the line emission. From the Pa-α fluxes
we calculate the L(Pa-α) and use the following equations to
compute the SFRs:
L(Pa-α)corr = 100.4APa-α L(Pa-α) (1)
APa-α = 0.52 log
(
Pa-α/Hα
0.128
)
(2)
SFR = 5.53 × 10−42 × 0.128 × L(Pa-α)corr (3)
where APa−α (Equation 2) is the dust correction factor from
Calzetti et al. (2000), Pa-α/Hα (Equation 3) is the flux Pa-
α-to- Hα ratio, and the SFR is the relation for Hα from Hao
et al. (2011) scaled by the intrinsic Pa-α-to- Hα ratio from
Case B recombination, 0.128.
The effect of dust in the near-Infrared is almost negli-
gible which makes APa−α small for our observations, mean
APa−α = 0.12 ± 0.01. APa−α was calculated from the Pa-
α/Hα ratio by: a) comparing the Pa-α OSIRIS observations
with the Hα SPIRAL/WiFES observations of Green et al.
(2014); b) comparing with Hα HST observations (Bassett
et al. 2016). Both methods revealed similar results.
The Pa-α fluxes could be affected by AO PSF effects.
The AO system distributes the light from a point source in
large wings, larger than the PSF core. Bassett et al. (2016)
found, by comparing OSIRIS and HST emission line maps,
that D13-5, G20-2 and G4-1 Pa-α fluxes need corrections
in the range of 10-30% for fluxes with radii smaller than
0.3 arcsec, for structures larger than this there is negligi-
ble difference. This level of uncertainty is acceptable for the
purpose of our analysis, in which the emission line map is
mainly used to identify clump locations. We present our Pa-
α emission-line maps in units of ΣSFR (M yr−1 kpc−2), to
compare across galaxies without being biased by the differ-
ent physical scales.
3.2 Clump identification
Three of the galaxies in our sample (D13-5, G20-2, G4-1)
also have HST observations of Hα. These galaxies were ex-
plored by Fisher et al. (2017) to find an automatic method
to identify clumps and measure their sizes. In Figure 1, we
show the comparison between two HST Hα maps degraded
to the OSIRIS spatial sampling (0.′′1) and the Pa-α maps
from the OSIRIS observations2. We find a one-to-one corre-
2 For information about the registration of the images and a more
detail comparison between the OSIRIS Pa-α map and the HST
Hα map refer to Bassett et al. (2016).
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Table 1. Summary of OSIRIS observations. Column 1 shows the DYNAMO or SDSS ID of the galaxy. The object exposure sequence is
4×900 sec and the sky exposure sequence is 2×900 sec. The observations were taken in laser guide star mode. Column 2 shows the galaxy
stellar mass (Kauffmann et al. 2003). Column 3 shows the SFR from Hα SPIRAL/WiFES observations (Green et al. 2014). Column 9
shows the physical resolution corresponding to 0.′′1. Column 10 presents the overlap with other DYNAMO samples, H: HST, G: Gemini.
ID M∗ SFRHα RA Dec z Obs. Filter Resolution Overlap
[1010 M] [M yr−1] [J2000] [J2000] Date [pc]
D13-5 5.3 21.20 13:30:07.009 00:31:53.450 0.0754 2012/07 Kn1 150 H,G
G20-2 2.2 17.27 20:44:02.922 -06:46:57.940 0.1411 2012/07 Kc3 260 H,G
G4-1 6.5 41.61 04:12:19.710 -05:54:48.670 0.1298 2012/09 Kn2 240 H,G
E23-1 2.0 15.99 23:58:33.897 14:54:45.358 0.1449 2012/07 Kc3 260 —
SDSS152159+0640 1.1 11.30 15:21:59.117 06:40:50.330 0.1826 2012/07 Kc3 320 —
SDSS212912-0734 1.1 4.95 21:29:12.151 -07:34:57.669 0.1835 2012/09 Kc3 320 —
SDSS013527-1039 1.1 5.95 01:35:27.100 -10:39:38.519 0.1269 2012/09 Kn2 230 G
PSF
1 kpc HST Obs
0.15 0.45 0.75 1.05
∑SFR [M¯ yr−1 kpc−2](Hα)
PSF
1 kpc OSIRIS obs
0.15 0.75 1.35
∑SFR[M¯ yr−1 kpc−2](Pa-α)
Figure 1. Comparison between the Hα and the Pa-α map, galax-
ies D13-5 (upper panels), G20-2 (middle panels), and G4-1 (lower
panels). The beam size is shown as a white circumference in each
panel. The left-hand panels are the HST Hα maps degraded to
OSIRIS spatial sampling (0.′′1). The right-hand panels show the
Pa-α maps from the OSIRIS observations. The ΣSFR contours rep-
resent 20% of the total ΣSFR. The crosses represent the identified
clumps (2× brighter than the galaxy smoothed floor for Pa-α and
3× brighter than the galaxy smoothed floor for Hα). The images
are shown at the same physical scale to facilitate visual inspec-
tion. The clump positions are consistent between the Hα and
Pa-α emission.
spondence between the two emission lines. The clumps seen
in the Hα map are also visible in the Pa-α map.
To find the clump position, we follow the method imple-
mented by Fisher et al. (2017). This process recovers similar
objects to those found in Hα maps of high redshift galaxies
(Jones et al. 2010; Genzel et al. 2011; Livermore et al. 2012;
Guo et al. 2015). It consists of employing a simple unsharp
masking technique. We first convolve the Pa-α map with a
Gaussian of ∼ 1′′. Then we divide the full resolution im-
age by the smoothed image. The clumps are the emission
peaks that are 2× brighter than the smoothed map of the
galaxy (3× brighter when analysing Hα; Fisher et al. 2017).
Our sanity check is that we find in the Pa-α map the same
clumps found in the HST Hα map by Fisher et al. (2017).
The number of clumps in each galaxy ranges from 3 to
7 within the masked OSIRIS FOV (see Table 2). The total
coverage of the galaxy varies from 2 − 4′′ (5-8 kpc) as we
are limited by a S/N cut of 4 that will allow us to measure
reliable kinematics. For most galaxies the mask region does
not cover the whole galaxy.
3.3 Gas kinematics
We measure the Pa-α line centroid and FWHM using the
idl χ2 routine pan (Peak ANalysis; Dimeo 2005) modi-
fied by Westmoquette et al. (2007) for astronomical pur-
poses. Westmoquette et al. (2008, 2012) and Gruyters et al.
(2012) show that pan measures line-widths robustly, using
a Levenberg-Marquardt technique to solve the least-square
minimization problem.
We input to pan the observed spectra and their associ-
ated error arrays (variance from the observations) provided
by the OSIRIS data reduction pipeline. We fit a background
polynomial and a Gaussian profile, to the Pa-α emission line.
To calculate the uncertainties we use the Monte-Carlo fit-
ting provided by pan. This routine repeats the fit 100 times
by creating a synthetic spectrum from the best fit of the
observed spectrum and the addition of Gaussian random er-
rors.
pan provides three valuable checks to discriminate be-
tween good and bad fits, which we use in our analysis: a)
The residuals of the fit, calculated as ri = (yi,fit−yi,data)/σi,err.
Where yi,data is the observed spectrum; yi,fit is the fit to the
observed spectrum; σi,err is the associated error. From a good
fit we expect a residual that resembles white noise. b) The
values of the χ2. c) The uncertainties of the fit. We reject
fits with uncertainties greater than the FWHM measured.
In Figure 2 we show the spectra of typical spaxels in galaxy
D13-5 at three different peak S/N. The S/N > 30 (left-
hand panel) represents the star-forming regions (clumps).
The S/N < 6 (right-hand panel) is commonly found at the
edges of the galaxy where the light profile becomes faint. We
find that the Gaussian fit is good in spaxels with S/N ≥ 4.
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Figure 2. Gaussian fit (from pan) of the observed spectra of galaxy D13-5. We present three typical peak S/N found in the OSIRIS
observations. The black line represents the observed spectra, the red line represents the Gaussian fit form pan and the orange line
represents the residuals of the fit as described in subsection 3.3. The left-hand panel shows a typical spectrum from the star-forming
clumps. The righ-hand panel shows a typical spectrum found at the edges of the galaxies. We find a good fit in spaxels with S/N ≥ 4.
A colour version of this plot is available at the electronic edition.
After fitting the Pa-α emission line, we proceed to cal-
culate the velocities from the centroid and the velocity dis-
persions from the FWHM of the Gaussian profile.
We subtract in quadrature from the velocity dispersion
the OSIRIS instrumental broadening, measured from the
OH lines (Rousselot et al. 2000). The OSIRIS instrumental
broadening shows a standard variation of ±6.4 km s−1across
the FOV. We find that compared to our measured velocity
dispersions this variation is small and does not affect our
conclusions. We discuss this effect on our identification of
velocity dispersion peaks in section 4.1. Thus, we use a con-
stant instrumental resolution of 41 km s−1 (similar to Mieda
et al. 2016) across the FOV. This, however, does increase
the uncertainty of our velocity dispersion measurements. We
therefore add in quadrature 6.4 km s−1 to the measurement
errors.
3.3.1 AO PSF and typical noise effects on velocity
dispersion measurements
As mentioned in subsection 3.1 the AO system creates a
PSF that can not be modeled by a single Gaussian profile.
The PSF profile of AO systems combine a central core and
broader wings. These wings distribute the flux from a point
source in a wider area and can also catch fluxes from sur-
rounding sources. Bassett et al. (2016) found that in our
sample the PSF wings elevate the real flux in a given region
of a galaxy up to ∼ 50%. Here we seek to quantify the im-
pact of a non-Gaussian profile PSF on velocity dispersion.
We refer to this phenomenon as AO PSF effect throughout
the paper.
A second source of possible uncertainty in measuring
velocity dispersions is noise. Elevated noise increases the re-
covered velocity dispersion, i.e. the Gaussian profile that de-
scribes the emission line would be distorted by the noise pat-
terns. This would widen the FWHM and artificially increase
the velocity dispersion. This is a major problem for the kine-
matic studies of high redshift galaxies (e.g. Law et al. 2009;
Genzel et al. 2011; Livermore et al. 2015).
We use simulations to quantify the impact of the AO
PSF effect and typical noise over our velocity dispersion
maps. These simulations are divided into three stages that
are described in the following paragraphs.
1) We create an empty box of the average size of the
galaxies in our sample, 2.′′5 × 3′′. As first input, we add
a simulated face-on galaxy with an exponential light pro-
file. This is done by creating a simulated spectrum (without
noise) per spaxel, containing a single emission line, Pa-α. We
give the same velocity dispersion to all the spaxels and add
in quadrature the OSIRIS instrumental broadening profile
(shuffled randomly between 35 and 47 km s−1). The constant
velocity dispersion map, facilitates the identification of any
changes caused by the systematics.
We find that the instrumental resolution affects areas
of raw velocity dispersion below 52 km s−1, which is equiv-
alent to corrected velocity dispersions < 22.24 km s−1. The
majority of the spaxels in our galaxies have recovered ve-
locity dispersions above 20 km s−1. Therefore, the OSIRIS
instrumental resolution does not affect our conclusions.
Finally, we apply a disc rotation model to the galaxy: a
simple arctan profile (Courteau 1997). The upper panels of
Figure 3 show the exponential light profile (left panel), the
initial velocity map (middle panel) and an initial velocity
dispersion of σinput = 60 km s−1(left panel).
2) The second step is to create a simulated galaxy sim-
ilar to those in our sample, to do so we add star-forming
clumps to the disc in randomized positions. These clumps
are symmetric, exponential light profiles 3. The clump sizes
vary from 0.′′2 − 0.′′6 (2 - 6 spaxels) and fluxes span from
1 - 5% of the total flux of the galaxy (Wuyts et al. 2012;
Guo et al. 2015; Fisher et al. 2017).
Later we add to the simulated spectra random noise
of the order of the OSIRIS observations. To calculate the
typical noise we chose three spaxels per galaxy from a region
dominated by the sky, where galaxy flux is not apparent. The
typical noise is the median of all these spaxels (21 spaxels
3 To reproduce the physical shapes of clumps (e.g. elongated,
asymmetrical) would be beyond the scope of the simulation.
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Figure 3. AO PSF and noise simulations. The upper panels show the initial input of our simulations: a simple disc with exponential
light profile (left panel), velocity map (middle panel) and the constant velocity dispersion map (60 km s−1; right panel). The middle
panels present the second stage of the simulation when we add 7 typical non-central clumps (reproducing the galaxy G20-2) to the
exponential disc and the typical OSIRIS noise. Left panel shows the flux map, the middle and right panels show the kinematic maps
recovered with pan. The bottom panels show the flux map after convolving the galaxy with the widest AO PSF (Gaussian core
FWHM = 3 ± 0.51 spaxels plus wings), and the recovered velocity and velocity dispersion maps from pan. In this final stage we see the
spatial sampling effect from the OSIRIS AO PSF at the centre and the noise effect as cross-like patterns in the velocity dispersion map.
A colour version of this plot is available at the electronic edition.
in total), 2.36 × 10−18 ± 1.1 × 10−18erg s−1 cm−2. The middle
panels of Figure 3 show the flux map including the clumps
(left panel) and the velocity and velocity dispersions (middle
and right panel) recovered with pan after adding noise.
3) We convolve the simulated galaxy by the OSIRIS AO
PSF. This AO PSF was measured from the telluric stars ob-
served each night. We found that the median AO PSF is
composed by a Gaussian core FWHM = 1.39 ± 0.74 spaxels
(∼ 0.′′14) and side wings that can be described by a sec-
ond Gaussian FWHM = 7 ± 1.0 spaxels (see Bassett et al.
2016, for details on the AO PSF and its comparison with
other observations). We test the effects of the AO PSF in
the simulation using the actual profile that describes:
a) the median AO PSF; b) the widest AO PSF in our
observations (Gaussian core FWHM = 3 ± 0.51 spaxels and
side wings FWHM = 7 ± 1.0 spaxels). The bottom panels
of Figure 3 show flux and kinematic maps (recovered from
pan) after convolving the galaxy with the widest AO PSF
(case b). We can see the AO PSF effect at the centre of the
galaxy and cross-like patterns created by the noise.
The AO PSF mostly affects the centre of the galaxies
(cases a and b), elevating the velocity dispersion more than
two standard deviations. When using the widest AO PSF
(case b) it can also elevate the velocity dispersion in regions
between clumps. However, the rise in velocity dispersion
in these regions would be of the order of one standard
deviation (clump ‘f’: black circles in Figure 4), which is
within the measurement errors. Figure 4 shows the velocity
dispersion of each spaxel in the simulated galaxy (from
Figure 3) as a function of their radial distance from the
centre. The coloured circles represent the spaxels within
the star-forming clumps. We labelled the clumps with
lower case letters to locate them in the bottom-left panel
of Figure 3 and in Figure 4. The solid line represents the
input velocity dispersion (60 km s−1) and the dashed lines
represent the median (59.7 km s−1; thick line) and standard
deviation (5.5 km s−1; thin lines) of the velocity dispersion
recovered from pan. Spaxels coincident with star-forming
regions best recover the input velocity dispersion (mean
σclumps = 60.5 km s−1standard deviation 2.2 km s−1), except
for those within 3 spaxels of the galactic centre. The
relatively higher S/N in the clumps clearly drives the more
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Figure 4. Results from the AO PSF and noise simulations. This
figure shows the velocity dispersion of each spaxel in the simulated
galaxy (from Figure 3) as a function of their radial distance to
the galactic centre. The black dots represent the spaxels in the
galaxy floor. The coloured circles represent the spaxels within
clumps. The labels (lower case letters) correspond to the clumps
in bottom-left panel in Figure 3. The solid line shows the input
velocity dispersion (60 km s−1), the thick dashed line shows the
recovered median velocity dispersion (59.7 km s−1) after adding
the noise and AO PSF effects to the galaxy. The thin dashed lines
are the standard deviations (5.5 km s−1). The velocity dispersion
is best recovered in the star-forming clumps (mean σclumps = 60.5±
2.2 km s−1) due to their high S/N. A colour version of this plot
is available at the electronic edition.
accurate velocity dispersion measurement. As we reach the
edge of the galaxy, the S/N decreases and the systematic
effect increases.
This process of creating models and measuring veloc-
ity dispersions is repeated 100 times with different clump
configurations, i.e. random number of clumps, sizes, posi-
tions, and brightness. From the results of the simulation we
fit the uncertainty in velocity dispersion (∆σ) due to AO
PSF and noise effects, as a function of the S/N:
∆σ = 11.486 exp (−0.1 × S/N) + 0.442 (4)
We find that if we apply a S/N cut of 4 all spaxels sat-
isfy ∆σ < 10 km s−1. Therefore, we masked all spaxels with
S/N < 4. We also exclude from our analysis clumps within
3 spaxels of the galactic centre, as they are highly affected
by spatial sampling and possible AGN contamination. With
this function we create a systematic map per galaxy, to later
subtract it from the measured velocity dispersion maps. This
reduces the AO PSF and noise systematic effects, and we can
reliably compare the velocity dispersion from the inner re-
gions of the galaxy (excluding ±3 from the galactic centre).
3.4 Kinematic modeling
We fit a disc model to our galaxies to apply a spatial sam-
pling correction and to compare the differences in velocity
and velocity dispersion maps between models and observa-
1 kpc
−80 0 80
V [km s−1]
−80 0 80
Vm[km s−1]
0 8 15
Vr[km s−1]
Figure 5. Velocity maps. The left-hand panels show the ob-
served velocities, the middle panels show the rotation curve
fitted with Equation 5 (Epinat et al. 2008) and the right-hand
panels show the residuals of the fits. The name of each galaxy is
at the top of the right-hand panels. The images are shown at the
same physical scale to facilitate visual inspection (top left corner).
A colour version of this plot is available at the electronic edition.
MNRAS 000, 1–15 (2016)
8 Oliva-Altamirano et al.
30
60
90
s
[k
m
s 
1 ]
clump
speaks
hsspaxeli
30
60
90
s
[k
m
s 
1 ]
sgal
smodel
3*err in smodel
30
60
90
s
[k
m
s 
1 ]
30
60
90
s
[k
m
s 
1 ]
30
60
90
s
[k
m
s 
1 ]
30
60
90
s
[k
m
s 
1 ]
 4  2 0 2 4
radius [kpc]
30
60
90
%
(
(
&
4%44
4%44
4%44
Figure 6. Velocity dispersion as function of the radial distance
from the centre of the galaxy. The black dots represent each
spaxel. The black triangles show the median velocity dispersion
of each distance bin (each bin has the same number of spaxels).
The orange circles mark the brightest spaxel of each clump. The
red stars are the σpeaks described in subsection 4.1. The name
of each galaxy is at the right-top corner. We show the constant
σmodel and 3× the error in σmodel in dashed blue lines. The lu-
minosity weighted velocity dispersion of the galaxy is shown as
a green solid line. There is statistically significant structure in 6
out 7 galaxies. A colour version of this plot is available at the
electronic edition.
tions. We use the automatized tool gbkfit4 (Bekiaris et al.
2016), a software designed to model the kinematics of IFS
data. gbkfit uses parallel architectures such as multi-core
CPUs and Graphic Processing Units (GPU), to model thou-
sands of galaxies in short time frames.
gbkfit was tested with large data sets such as the
galaxies in the SAMI survey (Bryant et al. 2015), the
GHASP survey (Epinat et al. 2008) and the first data set of
the DYNAMO galaxies (observed with SPIRAL and WiFES;
Green et al. 2014). gbkfit has accurately recovered previous
modelling results of these IFS observations.
The software uses the velocity and velocity dispersion
maps measured from the observations to fit a rotating disc
model with an intrinsic velocity dispersion (σmodel), constant
across the galaxy (Davies et al. 2011). The correction for spa-
tial sampling is achieved by convolving the modelled galaxy
with a 3-dimensional function that combines the line and
point spread function (instrument spectral resolution and
PSF; Equation 9 in Bekiaris et al. 2016).
The model fitting method is presented in Bekiaris et al.
(2016) and consist in a) evaluate the observed cube using
input parameters; b) convolve the model cube with the line
and point spread function of the observations; c) evaluate
the goodness of fit by calculating the χ2 of the fit from
the residuals; d) evaluate when the termination criteria is
met. If not, the process begins again changing the initial
parameters.
We ran the following rotation curve models for the
DYNAMO-OSIRIS sample: flat, arctan (Courteau 1997),
and the analytical function of Epinat et al. (2008); with the
optimisers: Levenberg-Marquardt (Barbosa et al. 2006; Coc-
cato et al. 2008) and Nested Sampling (Skilling 2004). We
also tried different priors for the galactic centre: fixed centre,
allowing to vary ±2 spaxels from the initial conditions, and
allowing to vary ±10 spaxels from the initial conditions.
We find that a Levenberg-Marquardt optimiser, a flex-
ible galactic centre within ±2 spaxels, and the analytical
function of Epinat et al. (2008) give the best goodness of fit
for our galaxies. The four-parameter analytical function of
Epinat et al. (2008) is given by:
Vrot = Vt
(r/rt )g
1 + (r/rt )a (5)
Where Vrot is the rotation curve, Vt and rt are the turn-over
velocity and radius. The constants g and a control the inner
and outer slope of the rotation curve. The rotation curve is
flat if a = g, rising if a < g, and declining if a > g.
We calculate the goodness of fit, χ2, from Equation 11 in
Bekiaris et al. (2016), which adds in quadrature the residuals
from the velocity map with the weighted (W) residuals from
the velocity dispersion map. We tried W = 1 and W = 0.2.
However, we chose to use W = 0.2 as gbkfit fits a constant
velocity dispersion across the galaxy, and this does not al-
ways represent the velocity dispersion in our galaxies. The
reduced χ2 from the fit of our sample span from 0.31 to
2.26 (Table 2), representing a reliable fit. Figure 5 shows
the observed velocity map (left-hand panels), the modelled
velocity map (middle panels), and the residuals from the fit
(right-hand panels). These maps show that the analytical
4 http://supercomputing.swin.edu.au/gbkfit
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function of Epinat et al. (2008) fits the observable data ±15
km s−1.
We calculate the shear in the observed (Vshear) and mod-
elled velocity Vs,mod as (Vmax -Vmin)/2 where Vmax and Vmin
are the means of the spaxels that contain the 5% highest
and lowest velocities in the masked region (Law et al. 2009;
Wisnioski et al. 2012). We do not correct the Vshear from
galaxy inclination because we do not rely on the inclina-
tions we have for the DYNAMO-OSIRIS galaxies. The in-
clinations were taken from the galaxy SDSS photometry and
are used only as a proxy in the rotation curve fitting. We
expect the velocities to increase with lower inclinations as
Vshear ∼ Vl.o.s/sin i. i.e. If the SDSS inclinations were accu-
rate the Vshear of SDSS013527-1039 would increase by 64%
and the Vshear of D13-5 would increase by 26%.
We use the modelled velocity maps to calculate the
velocity gradient per spaxel and apply a spatial sampling
correction to our observed velocity dispersion maps (Davies
et al. 2011; Varidel et al. 2016). The velocity gradient in
each spaxel is subtracted in quadrature from the measured
velocity dispersion.
The final observed velocity dispersion profiles (black tri-
angles) and the σmodel (dashed blue thick line) are shown in
Figure 6. The observed σgal is calculated from de-rotating
the galaxy and stacking all the spectra within the masked
region (luminosity weighted velocity dispersion; green solid
line). Different methods have been proposed in the literature
(Davies et al. 2011, for a review) to calculate σgal. The global
properties of the galaxies does not lie within the scope if this
study, and thus the chosen method does not affect our re-
sults. Table 2 summarizes the galaxy properties Vshear, σgal,
Vs,mod, σmodel, incl, and reduced χ2. incl is the inclination of
the disc from SDSS photometry.
4 RESULTS
The first objective of this work is to confirm significant struc-
ture in the velocity dispersion maps. The second, is to study
the associate velocity dispersions of star-forming clumps.
We find that all 7 galaxies are sufficiently consistent
with kinematic disc models, and it is therefore reasonable
to classify them as discs. The velocity dispersion maps have
been corrected for spatial sampling, noise and AO PSF sys-
tematics. We ignore clumps near the galactic centre (±3
spaxels), as this region can be contaminated by AGN ac-
tivity and it is the most affected by systematics.
4.1 Peaks in the velocity dispersion maps
We identify the peaks of the distribution in the velocity
dispersion maps, to study the velocity dispersion struc-
ture. We call peaks (σpeaks) the spaxels with velocity dis-
persion higher or equal to the velocity dispersion cut σcut =
σmodel + 3× error in σmodel. Where σmodel is the velocity dis-
persion fitted by the analytical function of Epinat et al.
(2008) with gbkfit; The 〈3 × error in σmodel〉 ∼ 15 km s−1.
We do not take isolated spaxels, only peaks which comprise
3 or more spaxels with velocity dispersion ≥ σcut. This is still
visible after smoothing the galaxy with a 0.′′3 Gaussian.
As we mention earlier, the instrumental resolution of
OSIRIS varies across the FOV. We therefore evaluate the
impact of this on our results. We find that the instrumental
resolution in our observations varies from 35 to 47 km s−1.
This variation occurs smoothly across the chip and it is small
compared to σcut. We find that the variation in the instru-
mental resolution is it not the source of the σpeaks. We also
find that none of the selected σpeaks lie in zones of low instru-
mental resolution. We tested regions equivalent to the size
of a clump (∼ 0.′′7) and we find that the maximum variation
in such areas is 3 km s−1. However, we do not fully discard
the effect of this variation and we account for it by adding
it in quadrature to the measurement errors.
Figure 6 shows the σpeaks that pass this criteria (red
stars), σmodel is shown as a thick blue dashed line and the
〈3× error in σmodel〉 are shown as thin blue dashed lines. On
average the velocity dispersion in σpeaks across the sample is
66.07±12 km s−1. This is 18 km s−1 higher than the average
velocity dispersion of the galaxy floor across the sample,
48 ± 8 km s−1.
In 6 out of 7 galaxies we find 2 − 5 velocity dispersion
peaks. We can, therefore, confirm significant structure in the
velocity dispersion of turbulent galaxies. There is only one
galaxy, SDSS212912-0734, which does not show significant
structure in the velocity dispersion map (median σspaxel =
53.07±10.19 km s−1), the areas of relatively elevated velocity
dispersion are close to the galactic centre. A summary of the
σpeaks per galaxy can be found in Table 3.
4.2 Are the star-forming clumps connected to the
velocity dispersion structure?
Figure 7 shows the velocity dispersion maps (left-hand pan-
els) and ΣSFR maps (right-hand panels) of each galaxy. The
brightest spaxel of each star-forming clump is marked with a
lowercase letter and an orange circle. The σpeaks are marked
with lowercase roman numbers and red stars.
We analyse whether there is or is not a direct corre-
spondence between σ and ΣSFR in each galaxy, by plotting
the σ vs ΣSFR (per spaxel; Figure 8). We show the σpeaks as
red stars and the star-forming clumps as yellow circles. Note
that the σpeaks are not always the spaxels with highest ve-
locity dispersion. This is because in most of the galaxies the
highest velocity dispersions are found in the centre of the
galaxy.
G20-2 and G4-1 show an increase in velocity disper-
sion with increasing star formation rate density. This is not
the case for the rest of the galaxies in our sample. We do
not see any correspondence between σ and ΣSFR in D13-
5, G4-1, E23-1, SDSS152159+0640, SDSS212912-0734, and
SDSS013527-1039. We also explored the velocity dispersion
in each star-forming clump by plotting σ as a function of
the spaxel distance to the clump centre. We do not see any
trend in any clump.
We examine the distances between σpeaks and the star-
forming clumps. Figure 9 shows the distribution of the dis-
tances5 from the σpeaks to the nearest clump. The mode of
the distribution is 0.52 kpc. We note that this is very similar
to the average radius encompassing 90% of the clump flux of
5 The distances are not corrected by galaxy inclination because
the inclinations were taken from SDSS photometry and we do not
completely rely on them.
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Table 2. Galaxy properties. Column 1 shows the DYNAMO or SDSS ID of the galaxy. Column 2 presents the number of clumps identified
per galaxy. Column 3 shows the dust corrected L(Pa-α) measured within a ∼ 3′′ aperture from the OSIRIS observations. Column 4 shows
the L(Pa-α) uncertainties from flux calibration errors. Column 5 shows the luminosity weighted velocity dispersion. Column 6 presents
the measured velocity shear within the OSIRIS coverage of the galaxy. The uncertainties in Column 5 and 6 where measured using the
Monte-Carlo modelling in pan, which shuffles the spectral errors and repeats the fit 100 times. Column 7, and 8 show the kinematic
properties of the galaxy returned by the analytical function of Epinat et al. (2008, subsection 3.4). Column 9 is the inclination of the
projected disc from SDSS photometry. Column 10 shows the reduced χ2 from each fit.
ID N of L(Pa-α)corr L(Pa-α)corr err σgal Vshear σmodel Vs,mod incl reduced
clumps [erg s−1] [erg s−1] ±7 [ km s−1] ±10 [ km s−1] ±5[ km s−1] ±7[ km s−1] [deg] χ2
D13-5 4 1.14 × 1041 2.28 × 1040 49.85 163.32 51.95 150.14 48.65 1.25
G20-2 7 1.50 × 1041 3.45 × 1040 58.97 104.48 40.49 138.72 33.98 0.54
G4-1 5 1.50 × 1041 3.90 × 1040 51.04 134.31 45.88 131.19 23.99 0.51
E23-1 5 2.87 × 1041 5.74 × 1040 40.27 156.94 37.88 151.72 44.27 2.26
SDSS152159+0640 4 1.53 × 1042 3.21 × 1041 55.26 88.11 53.63 50.06 35.92 0.56
SDSS212912-0734 3 1.01 × 1042 3.03 × 1041 53.16 102.41 46.93 105.94 32.32 0.37
SDSS013527-1039 6 5.34 × 1041 1.21 × 1041 41.17 179.91 38.01 94.20 21.01 0.31
Table 3. σpeaks properties. Column 1 shows the DYNAMO or SDSS ID of the galaxy. Column 2 show the σpeaks IDs. Column 3 and 4
present the σpeaks values. The uncertainties come from 100 Monte Carlo realisation of the emission line fit. Column 5 shows the ID of
the associated star-forming clump. Column 6 shows the distance to the nearest clump (Figure 9).
ID σpeaks σpeaks σpeaks err assoc to d
ID [ km s−1] [ km s−1] clump [kpc]
D13-5 i 67.91 8.01 a 0.63
D13-5 ii 63.02 5.78 a,b 0.47
D13-5 iii 62.04 2.40 a,b 0.21
G20-2 i 54.02 9.53 b,c 0.52
G20-2 ii 49.66 14.99 d,e 0.52
G20-2 iii 70.42 7.60a 0.26
G20-2 iv 90.18 8.60 a,f 0.58
G4-1 i 59.52 21.45 c,d,e 0.72
G4-1 ii 61.65 23.50 c,b 0.75
G4-1 iii 70.63 25.10 a,b 0.53
E23-1 i 62.92 16.01 none 1.07
E23-1 ii 64.70 25.60 none 1.58
SDSS152159+0640 i 71.61 20.10 none 1.94
SDSS152159+0640 ii 88.78 9.50 a 0.90
SDSS152159+0640 iii 66.09 5.64 c 0.71
SDSS212912-0734 none none none none none
SDSS013527-1039 i 95.88 34.23 b,c 0.51
SDSS013527-1039 ii 88.56 25.60 none 1.54
SDSS013527-1039 iii 54.99 22.45 none 1.17
SDSS013527-1039 iv 50.87 12.62 f 0.51
SDSS013527-1039 v 77.22 22.56 none 1.02
clumps in DYNAMO galaxies (Fisher et al. 2017; ?). We find
that 67% of σpeaks are located within 1 kpc of a clump centre
identified in Pa-α emission line flux. Henceforth, we refer to
σpeaks sitting at less than 1 kpc away from the clump centre
as associated σpeaks, suggesting a possible link between the
star-forming clumps and the σpeaks. In Figure 7 we present
this association as white lines.
To rule out any bias in the distance to the nearest clump
distribution, we simulate each galaxy by fixing the σpeaks and
moving the clumps to random positions. Then we measure
the distances from the σpeaks to the each clump and repro-
duce Figure 9 (distribution of the distances from the σpeaks to
the nearest clump). We repeat this procedure 1000 times
varying the clump sizes. Figure 10 shows the modes of the
1000 runs.
The distances from each σpeaks to the nearest clump
peak at 2.0, 1.0, 0.51 and 0.25 kpc. Although, the distri-
bution of the random distances is different from the distri-
bution of the distances from σpeaks to the nearest clump in
the observations (the probability of the two samples to be
drawn from the same distribution is 1.02%, Kolmogorov-
Smirnov test), in 155/1000 simulations the typical distances
is 0.51 kpc similar to what we see in our observations
(0.52 kpc). Therefore, ∼ 15% of the simulations suggest that
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Figure 7. Velocity dispersion (left-hand panels) and Pa-α (right-hand panels) maps. The name of each galaxy is at the right-top corner
of the Pa-α maps. We show the σpeaks as red stars labelled by Roman numbers, and the brightest spaxel of the star-forming clump (clump
centre) as orange circles labelled by lowercase letters. The crosses show the centre of each galaxy. The images are shown at the same
physical scale to facilitate visual inspection (top left corner of D13-5). The white lines connect the star-forming clumps and σpeaks within
1 kpc away (associated clumps). ∼ 67% of the σpeaks suggest a connection to star-forming clumps. A colour version of this plot is available
at the electronic edition.
the typical distance observed between a σpeaks and the clos-
est clump is due to systematics, i.e. limited coverage of the
galaxies by the OSIRIS FOV. Observations covering more
than 7 kpc of a galaxy will be needed to confirm our result,
that σpeaks sit within 1 kpc of clump centres.
It is important not to confuse the association between
star-forming clumps and σpeaks with a physical correlation.
Not all star-forming clumps have associated σpeaks and vice-
versa. e.g. SDSS212912-0734 does not have any σpeaks and
the σpeaks in E23-1 do not appear to be associated with the
star-forming clumps. We would like to stress that this ‘lack
of correlation’ can also be biased by the small coverage of our
observations. At least 44% of the clumps sit less than 1kpc
away of the edge of the OSIRIS galaxy coverage. Therefore,
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Figure 8. Velocity dispersion as a function of ΣSFR (per spaxel). The name of each galaxy is at the top of each panel. We show the
σpeaks as red stars and the brightest spaxel of the star-forming clump (clump centre) as orange circles. In G20-2 and G4-1 the velocity
dispersion increases with increasing ΣSFR. While the rest of the galaxies do not show a clear trend. A colour version of this plot is available
at the electronic edition.
there is a possibility that more σpeaks are lying ∼ 1 kpc out-
side the coverage of our observations. The summary of the
star-forming clumps properties is in Table 4.
5 DISCUSSION
In this paper we analyze the kinematics of a sample of
clumpy, turbulent discs at z ∼ 0.1 with spatial sampling
of 150 to 400 pc. This type of galaxy is rare in the local
Universe, but they represent ∼ 1/3 of the high star-forming
galaxy population at high redshifts. Their properties (high
SFR, young stars) suggest a rapid formation (< 1 Gyr; Gen-
zel et al. 2006; Fo¨rster Schreiber et al. 2006) and their kine-
matics reflect a fast, however, smooth accretion process (e.g.
Shapiro et al. 2008).
We find significant structure in the velocity dispersion of
the DYNAMO-OSIRIS turbulent discs. 6 out of 7 galaxies
in our sample have σpeaks with velocity dispersion higher
than the velocity dispersion of the galaxy floor (σpeaks ≥
σmodel+3×error in σmodel; Figure 6). This confirms the weak
structure seen in high redshift observations at ∼ 3× lower
spatial resolution (Genzel et al. 2011; Wisnioski et al. 2012;
Newman et al. 2012a,b).
A clump can lose angular momentum due to clump-
clump encounters, dynamical friction, gas drag, mass ex-
change with the disc, etc. Ceverino et al. (2012) predicted
that some of the main sources of support against this grav-
itational collapse in clump evolution are turbulence and
rotation. Ceverino et al. (2012) assumes that the velocity
dispersion can be driven by turbulence. They presented a
case where rotation provides ∼ 50% of support, and the
velocity dispersion (σclump) is comparable to the velocity
dispersion of the disc. We find that most of the clumps
in the DYNAMO-OSIRIS galaxies have σclump = σmodel ±
15 km s−1. Consistent with Ceverino et al. (2012)’s pre-
diction. This would suggest that velocity dispersion (tur-
bulence) is providing some of the support against gravita-
tional collapse, being complemented by some other mecha-
nism (e.g. rotation).
We find that 67% of the σpeaks in our galaxies lie within
1 kpc of a clump centre (most common distance 0.5 kpc).
Suggesting that σpeaks can be found at the edges of the star-
forming clumps (Figure 9). The position of the σpeaks at
the outskirts of the star-forming clumps first suggests that
a fraction of the high gas velocity dispersions in clumpy
galaxies may be attributable to some sort of interaction be-
tween clumps and the surrounding disc gas. Moreover this
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Table 4. Star-forming clump properties. Column 1 shows the DYNAMO or SDSS ID of the galaxy. Column 2 shows the clump ID.
Column 3 and 4 present the Pa-α Luminosity of the brightest spaxel in the clump. Uncertainties come from flux calibration. Column 5
and 6 present the velocity dispersion of the brightest spaxel in the clump. The uncertainties come from 100 Monte Carlo realisations of
the emission line fit. Column 7 shows the ID of the associated σpeaks.
ID clump L(Pa-α)corr L(Pa-α)corr err σclump σclump err assoc to
ID [1039 erg s−1] [1039 erg s−1] [ km s−1] [ km s−1] σpeaks
D13-5 a 1.28 0.25 53.71 2.75 i,ii, iii
D13-5 b 1.39 0.27 45.31 1.81 ii, iii
D13-5 c 0.52 0.10 43.55 3.65 none
D13-5 d 0.70 0.14 35.44 2.75 none
G20-2 a 1.34 0.26 54.31 10.74 iii, iv
G20-2 b 1.43 0.28 55.17 8.53 i
G20-2 c 1.77 0.35 53.05 9.63 i
G20-2 d 1.07 0.21 40.50 20.68 ii
G20-2 e 1.02 0.20 40.64 22.72 ii
G20-2 f 1.35 0.27 22.59 8.32 iv
G20-2 g 1.43 0.28 15.20 9.43 none
G4-1 a 1.86 0.37 48.24 19.84 iii
G4-1 b 2.07 0.41 55.66 27.62 ii, iii
G4-1 c 1.86 0.37 53.56 20.17 i,ii
G4-1 d 2.55 0.51 40.61 14.33 i
G4-1 e 2.08 0.41 42.28 15.65 i
E23-1 a 4.86 0.97 51.71 3.46 none
E23-1 b 2.78 0.55 42.80 12.75 none
E23-1 c 2.93 0.58 46.95 8.87 none
E23-1 d 3.69 0.73 28.27 10.41 none
E23-1 e 2.97 0.59 39.62 9.29 none
SDSS152159+0640 a 10.53 2.1 65.68 3.05 ii
SDSS152159+0640 b 6.56 1.31 45.50 7.07 none
SDSS152159+0640 c 6.26 1.25 46.33 4.81 iii
SDSS152159+0640 d 5.60 1.12 53.10 5.42 none
SDSS212912-0734 a 18.96 3.79 46.43 2.93 none
SDSS212912-0734 b 19.35 3.87 42.65 2.91 none
SDSS212912-0734 c 12.76 2.55 44.06 3.36 none
SDSS013527-1039 a 2.09 0.41 38.31 6.83 none
SDSS013527-1039 b 2.32 0.46 48.90 7.12 i
SDSS013527-1039 c 1.77 0.35 51.32 7.25 i
SDSS013527-1039 d 1.26 0.25 19.94 10.64 none
SDSS013527-1039 e 1.29 0.25 46.16 15.58 none
SDSS013527-1039 f 1.52 0.30 60.69 20.81 iv
enhanced velocity dispersion at the edges of clumps can
be explained by several physical mechanisms: a) turbulence
and/or heat radiation feedback which would provide pres-
sure support to the clumps and result in massive outflows
(Krumholz & Dekel 2010). b) Inflows, which would create
a range of velocity vectors at the edge of clumps. c) Inter-
nal dynamics of clumps decoupled from the dynamics of the
disc.
Outflows can be traced via the Hα emission which con-
tains information from ionized gas and shocked stellar winds.
Previous observations of Hα kinematics have seen these out-
flows through a broad component in the Hα emission line
(Genzel et al. 2011; Wisnioski et al. 2012; Newman et al.
2012a). However, this broad component is not seen in the
Pa-α line emission of our observations.
Newman et al. (2012a) investigated the different sources
of high disc velocity dispersion in turbulent galaxies at high
redshifts. They found that the gas pressure produced by tur-
bulence and radiation pressure is less than the gas pressure
expected from the velocity dispersion measured in these tur-
bulent discs. Suggesting that although star formation feed-
back is an important source of velocity dispersion, another
strong component would be necessary to match the velocity
dispersion observed. Our observations match this hypothe-
sis, as the star formation feedback does not seem to fully
explain the velocity dispersion maps.
These results reinforce the question: Do star-forming
clumps live long enough to survive several dynamical times
of the disc and spiral to the central overdensity? The ex-
istence of strong outflows could suggest that the radiation
pressure could disrupt the clumps before virialization (Genel
et al. 2012). Bournaud et al. (2014) stated that the most
massive clumps survive to stellar winds due to the gas rich
environment where they live, which allows them to recover
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Figure 9. Distance to the nearest clump. The histogram shows
the distribution of the distance from the σpeaks to the nearest
star-forming clump. The black dashed line shows the mode of
the distribution. The blue dashed line shows the typical size of
DYNAMO clumps (Fisher et al. 2017). The dotted line shows
the maximum distance at which we would expect a connection
between a star-forming clump and a σpeaks. The majority of the
σpeaks (∼ 67%) appear to be associated to star-forming clumps.
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Figure 10.Modes of 1000 distributions of distances from σpeaks to
the nearest clump in simulated galaxies. The dashed line shows
the typical size of DYNAMO clumps (Fisher et al. 2017).
their mass and live long enough to merge into the galaxy
bulge. Using the DYNAMO-OSIRIS sample we will address
this question in a following paper, by measuring the velocity
sheers of the clumps in the galaxies with the highest spatial
resolution (2-3 galaxies, z < 0.15).
6 CONCLUSIONS
We presented the high resolution observations of 7 low red-
shift turbulent discs (0.07 < z < 0.2; DYNAMO-OSIRIS),
analogous to high redshift galaxies (z ∼ 1.5). These galaxies
were observed with the OSIRIS IFS on Keck. We use the
Pa-α emission line to construct ΣSFR and kinematic maps.
The galaxies have prominent star-forming clumps (3 to 7
per galaxies) and have disc like kinematics.
To construct reliable velocity dispersion maps we ac-
count for several systematics: spatial sampling, AO PSF
and noise effects. The spatial sampling correction is done
by fitting an analytical function (Epinat et al. 2008) to
the galaxies to later subtract the velocity gradient per
spaxel from the observed velocity dispersion. The AO PSF
and noise effects are corrected by simulating DYNAMO-
OSIRIS-like galaxies and measuring the effect of the AO
PSF and noise in different clump configurations. From the
simulations, we create systematic maps that we subtract
from the observed velocity dispersion.
We find that after applying the corrections, there is
significant structure in the velocity dispersion maps of
turbulent galaxies. To explore this structure, we measure
the σpeaks in the velocity dispersion distribution. Around
67% of these peaks appear to be connected to the clumps,
as they are less than 1 kpc away from the clump centre. We
suggest interactions between the clumps and the ISM of the
galaxy (outflows, inflows, velocity shears, etc) as possible
sources of these σpeaks. However, new observations covering
a wider area of the galaxy are needed to confirm this result.
Further studies will analyze whether these clumps can
survive feedback and become virialised.
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